ACUTE left ventricular failure frequently, if not always, produces acute left atrial distention. Such distention, if clinically recognizable, would be a useful sign of left ventricular failure, a disorder that notoriously may lack discriminatory findings. Angiocardiography that may specifically diagnose left atrial distention, and cardiac catheterization that may specifically diagnose acute left ventricular failure are not practical procedures simply to establish such diagnoses.
The records of 104 patients whose discharge diagnoses included cardiac insufficieney were carefully reviewed. Of these 104, 26 records were available of patients who were admitted into the hospital with acute left ventricular failure and with electrocardiographic evidence of sinus rhythm both during failure and compensation, but who were free from signs of right-sided failure. Nine of these 26 had acute pulmonary edema on admission.
There were 17 men and 10 women, 33 to 86 years of age, with an average of 62 years. Sixteen had coronary artery disease, seven hypertension, one myocardial disease, and one mitral stenosis. In one, the cause of failure was not determined.
The P waves were carefully examined in the electrocardiogram taken during the episode of failure and in a subsequent tracing obtained after failure was adequately controlled. If a subsequent tracing was not available, one preceding the failure was examined. The P-wave axes in the frontal and horizontal planes were measured and the height and duration of all P waves were measured. The P :PR segment ratio was determined after the imethod of Macruz, Perloff, and Case.' The positive and negative deflections of the P waves in VI were measured and added algebraically. The result obtained in the electrocardiogram taken when the patient was compensated was subtracted from that when the patient was in failure. A negative figure was taken to indicate posterior shift of the atrial vector in failure, and a positive figure suggested anterior shift. This figure will be referred to as "V, difference." Abnormal contour of the P wave, sueh as notching, was noted as well as the precordial lead furthest to the left in which was found a negative P-wave deflection. Results
Changes in the height and duration of the P waves during left ventricular failure are shown in table 1. The average direction of the mean atrial vector in the frontal plane during compensation was +500; during left ventricular failure, +460. Fifteen demonstrated a leftward shift of the P wave in the frontal plane and four a rightward shift during failure. But in only seven (27 per cent) was the leftward shift greater than 100. Seven (27 per cent) showed no shift.
The P: PR segment ratio increased in 13 (50 per cent), decreased in six (23 per cent), and was unchanged in seven (27 per cent). Because of the errors inherent in this measurement, limiting a significant increase of the ratio to more than 0.1 difference appears reasonable. If such a standard is used, the increase in P PR segment ratio decreased to 36 per cent.
Twenty had a negative V, difference. In 12, the negative deflection of the P wave extended farther to the left on the precordium during failure than during compensation. With these two criteria as evidence of posterior rotation of the atrial vector, 21 (81 per cent) had such rotation during the episode of failure. These findings are shown diagrammatically in figure 1 , and representative eleetrocardiograms appear in figure 2. S1TTNIC4SR, SOLOFF Abnormal contour of P waves, particularlv n-otching, was present in 20, buit in only four did the notching increase during failure. These four demonstrated posterior rotation of the atrial vector.
Discussion
The relationship of left ventricular disease to deformities of the atrial complex is suggested by the old observationi of the frequenyev of notched P waves in syphilitic aortic regurgitation. 2 The relationship of right ventrieular disease to deformities of the atrial complex is well documented.
Anoiocardiography has clearly shown that left atrial enlargement is a comnmon complication of left ventricular disease.3 It appeared likely, therefore, that the P wave would reflect this enlargemelnt. Indeed, Sodi-Pollares4 Circulation, Volume XXVI, Norember 1962 stated tlhat changes in the morpholog0 y of P. or a shift of its axis to the left, are often the earliest electrocardiographic signs of essential hypertension. Martiris deOliveira anid pointed otut that there is somne elee-trocardiogYraphic influenice onl the atria of almost all coInditioius tliat resullt; ini ventrinl a r overloa dinlig. It appears likely, therefore, that atrial alniormialities secoll(lary to left ventricular disea,se will resenible those seen in mitral valve (lisease. Triesc abnormialities consist of widenied P waves, wlicil are frequenitly sliirredi and notchedl, anid may lhave unusLually long' intervals between the peaks of the bifid P.6 It is almost iuniiversally stated that the frontal p)laLle vector of P is rotated to the left in left atrial enilargemeiit.i Many investigrators believe that the (legree of abinormnality is proportiotial to the degree of left atrial enlargemiiellt.4-7 Thus, the degree of left axis deviationl in the fronital plane of P the duration of P,' the voltage of P and the initerval between the peaks of the bifid P6 are recrarded as determninied by the size olf the left atrium. and found no significant correlations. These coniclusions are' iiow substanitiatedI ly a review of our biplane angiocardiotgramns that nIow inumber close to 1,000. It should be )ar-tiililarly emphasized that the almost universal stateimienit that left atrial enlargement piroduiiees leftward (leviat ion of thie atrial vector' M the fronital p1lane is contrary to our data. Nonie of these eriteria, however, has beenllse(I to ouir knowledge, as a sign of left ven--ricular failure. Wood aiid Selzer9 in 1939 poii-ited outi that the conifiguricationi of thie P wave mighft be a. useful diagynostic sign in left venftrienlar failnre. They descr-ibed a wide P wave witli low voltage, usually bifid or flattop)ed, ofteni. withi a duration of 0.12 second, and rarely grreater thanl 1 mlm. in amplitude. This was felt to differ fromi the more promii eitet ''P-niftrale' of mitral valve disease, and oiitrasted markedly with the tall spiked 'Ppulmoniale'' ofteii seen iii patients with right venitricular hypertrophy. Ouir data fail to confirmn their findiings, anmd we halve been un-alAe to finid aniy confiritiation ini the literature. Tlhese findings are, however, commonly present witlh left venttricular disease without failnre, and will persist when failure develops.
9150-
A re-inspection of Soloff and Zatuchni's data on the relationship between the P wave and the size of the left atriumI0 indicates clearly that increased size of the negative component of the P wave in the right precordial leads is correlated with increasing size of the left atrium. Others have suggested a relationship between the depths of these negative components and left atrial enlargement but not its degree.-" Furthermore, Soloff and Zatuchiii's data10 indicate a relationship between the distribution of the negative component of the P wave on the precordiunn and the size of the left atriumn. Both these correlations have been verified by a review of more extensive data. These observations suggest that the posterior displacement of the atrial vector in acute left ventricular failure is actually due to acute left atrial dilatation. Abrupt posterior displacement of the atrial vector can also be produced in some subjects with mitral stenosis by simple setting-up exercises,12 and are also probably due to left atrial distention secondary to left atrial failure.
Regardless of its mechanism, however, sudden posterior displacement of the atrial vector is a reliable sign of, and is present in over 80 per cent of left ventricular failure in the absence of mitral valve disease. Abrupt inereased notching of the P wave and the sudden onset of atrial fibrillation in left ventrieular disease probablv also indicate left ventricular failure. This appears to be equallyr true of other atrial arrhythmnias that we ha.ve seen but are not included in this series. In our series, however, all such incidents were associated with posterior displacement of the P vector when sinus rhythm was restored.
Summary and Conclusions
The electrocardiogranms of 26 patients with a clinical diagnosis of acute left heart failure were examined to determine if there were any electrocardiographic signs that could distinguish the tracing taken during failure from that taken during compensation.
In9 21 (81 per cent), failure was associated wvith a posterior rotation of the mean atrial vector in the horizontal plane, demonstrated by an increase in P-wave negativity in V1 or persistence of a negative deflection of the P wave farther to the left in the precordial l-eads. Atrial fibrillation and increased notching associated with failure occurred in some patients, but were also accompanied by posterior rotation of the P vector when sinus rhythm was restored.
Other atrial abnormalities present were not significantly changed during failure.
Posterior roEtation of the atrial vector is an important electrocardiographic sign of acute left ventricular failure.
